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Waste needles
Nonacosan-10-ol in spruce needles (Simmleit and Schulten, 1989) . Secondly, the growth rate of spruce 74 trees is very fast (Macmillan, 1991) , with a yield class (mean cubic meters growth) for 75 Sitka spruce of 14 (i.e. 14 cubic meters per hectare per year according to Forestry 76 Commission (Forestry Commission, 2017) ). In terms of maximum timber potential, 77
Sitka spruce requires only 40 -60 years, whereas oak trees require 150 years (Forestry 78 biomass and all of the refrigerated wet biomass were then milled as a whole, while the 122 needles of the remaining dry feedstock were easily separated by shaking from the 123 branch. All milling was carried out using a Glen-Creston mill, with a 2 mm mesh. 124 2.2 ScCO 2 extraction of spruce needle wax 125 126 A Thar SCF500 CO 2 extractor was used to carry out the extractions. The dried, milled 127 biomass (50 g) was placed into the extraction cylinder and extracted for 2 hours with 128 The impact of pressure and temperature was modelled by means of a dimensionless 207 factor coordinate system, whereby "-1" was assigned for the low level and "+1" was 208
given to the high level for each parameter. The center point was assigned a coordinate 209 value of "0" (coincides with the origin of the system) as shown in Tables 1 and 2 process. The theoretical % yield for the center point value E (1.32%) was found to be in 244 good correlation with the experimental value (1.41%) (a 0.09% difference with a 6.8% 245 error) indicating the model behaves well for this extraction. It can be seen that in this 246 instance the value of x 1 for temperature is higher than that of x 2 (pressure) which 247
indicates that temperature has a higher influence on the extraction yield than pressure 248 and density (since an increase in pressure at constant temperature leads to an increase in 249 density). 250 Figure 1 demonstrates a 2-D plot highlighting the variation in % crude yield of wax 251 with varying temperature and pressure (the different % crude yields may also be viewed 252 in Figure S2 ). As shown in Table 1 , the % yield of wax extracted from the Spruce 253 needles under the different conditions applied varied from 0.91 to 1.70%. 254
The dielectric constant and density of CO 2 are dictated by temperature and pressure 255 Methylenecycloartan-3-one and Stigmastan-3,5-diene) which accounts for the greater 336 concentration of these compounds in the Norwegian spruce extracts (2122.4 ±43.6 µg/g 337 of needles). Unsaturated ketones are present in the needle extracts of both species; 338 however, a higher abundance is found in the Sitka spruce (885.1 ±20.1 µg/g of needles) 339 when compared to the Norwegian spruce (159.6 ±0.9 µg/g of needles) (Table 5) . The hot solute was then carefully decanted into separate glassware and left to cool, 371 where a light green precipitate formed upon cooling. This was recrystallized a second 372 time to yield a white precipitate. GC-MS analysis (shown in Figure S4 and S5) of the 373 white precipitate confirmed it to be nonacosan-10-ol, however minor impurities are still 374 present. The purity of the nonacosan-10-ol obtained was found to be 90% ( Figure S6) . 44.6% and 48.4% ± 2% of the total nonacosan-10-ol were recovered from the original 412 crude Sitka and Norwegian wax respectively. As shown in Figure 4 , some of the 413 nonacosan-10-ol was lost during the first step due to its limited solubility in methanol 414 (as shown in Figure 4 .) while some of it was also found present in the ketone layer. 415
Nevertheless, substantial amounts of nonacosan-10-ol were isolated using this simple 416 technique, equating to approximately 3,600 µg/g needles for the Sitka spruce and 1,920 417 µg/g needles for the Norwegian spruce. Recycling of the methanol and recycling the 418 dark green brittle wax to undertake additional recrystallizations could yield yet more 419 nonacosan-10-ol ( Figure S14 Figure 5A and 5B show the nanotubules formed by nonacosan-10-ol and 433 observed on the needles. Figure 5C and 5D shows that these self-assembled nano 434 structures have partially survived the milling process and are present in the biomass 435 feedstock prior to extraction. . Figure 5E and 5F demonstrate the purified nonacosan-436 10-ol compound and despite the rapid recrystallisation process complex spherical 437 structures, which indicates self-assembly phenomenon was observed. Additionally SEM 438 images of the biomass post extraction showed no remaining wax indicating all surface 439 wax had been successfully removed (figure S12). 440 Initial testing of nonacosan-10-ol to demonstrate its use in potential barrier property 444 applications was achieved by its coating onto a porous material. To this end, a 1% 445 nonacosan-10-ol solution in methanol was applied to a glass slide. Nonacosan-10-ol 446 solution in methanol (1% and 20%) were applied to porous materials, namely filter 447 paper. As shown in Figure 6 , droplets formed on the glass and filter paper. The contact 448 angles were measured and are reported in Table 6 . 
